Capacity of Aesculus hippocastanum L. Foliar Tissue for Copper, Zinc, and Cadmium Bioaccumulation by Opincariu, Adriana et al.
 
 
 
 
Original Article 
 
Capacity of Aesculus hippocastanum L. Foliar Tissue for 
Copper, Zinc, and Cadmium Bioaccumulation 
 
OPINCARIU Adriana, Ioan OROIAN*, Antonia ODAGIU 
 
Faculty of Agriculture, University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, 3-5 Calea Manastur, 400372, 
Cluj-Napoca, Romania 
 
Received 13 February 2018; received and revised form 25 February 2018; accepted 3 March 2018 
Available online 30 March 2018 
 
Abstract 
 
An important role in the health of the population is played by the quality of the air. The effects of air pollution 
range from negligible diseases to serious cardiac and respiratory diseases. In this context it is important to underline the 
important role of the biomonitoring of the ambient air in Cluj-Napoca with the help of the ornamental chestnut trees 
(Aesculus hippocastanum L.). The bioaccumulations of Cu, Zn and Cd were quantified in the leaf tissue of chestnut trees 
located at 6 experimental points, characterized by different types of potential sources of pollution. The highest 
accumulations of Cu in the leaf tissue of the monitored chestnut trees are reported in the experimental location 
characterized by intense traffic, and the largest accumulations of Zn and Cd in the leaf tissue of the monitored chestnut 
trees in the industrial area of Cluj-Napoca municipality. . This specific bio-accumulation is specific to the activities that 
predominate in the mentioned experimental sites, but no averages over admitted limits are reported for none of the 
analyzed heavy metals. 
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1. Introduction 
 
The effects of air pollution on human health 
range from negligible upper airway disease to severe 
heart and respiratory illnesses, which can be chronic, 
airway infections that can be exacerbated in children, 
and in adults increased incidences of bronchitis that 
become chronic.  
Also, increased exposures to air pollution can 
lead to worsening of chronic heart and pulmonary 
and asthmatic corneal diseases, until lung cancer is 
released. There are studies that show that both long-
term and short-term exposures have, in many cases, 
been linked to short-term life expectancy and early 
mortality [5].  
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An important feature of atmospheric 
pollution, at present, is the increase of the level of 
atmospheric pollution with heavy metals, 
respectively Zn, Cd, Pb, Hg, etc. [2, 8, 10]. 
These heavy metals belong to the category of 
pollutants with high persistence in the atmospheric 
environment, a fact due to their high resistance to the 
decomposition process, which takes place under 
natural conditions [9].  
The activities that are the result of human 
action, which are often intensively carried out, have 
the ability to decisively change the atmospheric 
cycles, but also the balance in which the heavy metals 
are found in the atmosphere.  
The main sources of heavy metals resulting 
from human activities mainly target the industrial 
ones, from the recycling of waste in the category of 
electronic ones, to those from point sources such as 
some industries, such as the heavy industry mainly 
represented by smelter and smelter, and the mining 
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industry, but also the diffuse sources of pollution, 
such as those represented by the burning of fossil 
fuels, as well as vehicle emissions [11]. 
 The levels of heavy metal emissions are 
toxic when they exceed the permissible limits. Under 
certain environmental conditions, heavy metals can 
accumulate in large quantities, even up to toxic 
concentrations, and this usually has a negative effect 
on both human health and the environment [3].  
Also, the waste recycling industry and its 
specific activities can be an important source of 
pollution, which presents a high potential for harm to 
human health. Thus, the activities specific to the 
waste recovery industries can affect those working in 
the field, due to the fact that they come into contact 
with the toxic substances present in the raw materials 
they process.  
Those involved in the production process can 
be affected, under conditions of air pollution with 
toxic levels to heavy metals such as lead and 
cadmium, which can lead to serious illnesses, even 
lung injuries, which can be exacerbated.  
In this industry, the high risk on human 
health is presented by the emissions of fine 
suspended particles emitted by the processing of 
electronic waste. Thus, these are the most important 
causes of cardiovascular and pulmonary diseases [4, 
7]. These suspended particulates, abbreviated as PM, 
create that type of pollution that is unanimously 
recognized as particulate pollution. Suspended 
particulate pollution is one of the most important 
indicators of air pollution.  
At present, the deterioration of air quality is 
largely caused by the recycling industry of electrical 
and electronic waste [1]. 
The present study aims to highlight the 
ability of the chestnut leaf tissue (Aesculus 
hippocastanum L.), a species used as an ornamental 
tree, in the city of Cluj-Napoca, to accumulate heavy 
metals as Cu, Zn and Cd from the ambient air as well 
as the degree of framing within the allowed limits, for 
each of the bioaccumulated heavy metals [6]. 
 
2. Material and Method 
 
Foliar tissue was harvested from the chestnut 
species from 6 locations located at the level of the 
municipality of Cluj-Napoca (46º46'0''N, 23º36'0''E), 
during the period of vegetation of the trees between 
April and September 2017. 
In the field, the observations were made in six 
experimental points, in which there are ornamental 
trees belonging to the species Aesculus 
hippocastanum L. respectively: 
 Site 1 - Aurel Vlaicu Street, near the air 
quality monitoring station located by the Cluj 
Environmental Protection Agency (Traffic 
type station) 
 Site 2 - Boulevard 1 December 1918, near the 
air quality monitoring station located by the 
Cluj Environmental Protection Agency 
(Suburban type station) 
 Site 3 - Boulevard 1 December 1918, near the 
air quality monitoring station located by the 
Cluj Environmental Protection Agency 
(Urban type station) 
 Site 4 - USAMV Campus Cluj-Napoca 
 Site 5 - Constanța Street, near the air quality 
monitoring station located by the Cluj 
Environmental Protection Agency 
(Industrial type station) 
 Site 6 - Central Park of Cluj-Napoca 
Atomic absorption spectrometry (AAS) was 
used to quantify Cu, Zn, and Cd from tree leaves. For 
this purpose, a Perkin-Elmer atomic absorption 
spectrometer (Perkin-Elmer, USA) with flame and 
graphite furnace (Analyst type 800) was used. Prior 
to the ASA analysis, leaf samples were digested 
using wet microwave digestion methodology.  
The digestion was performed with a MWS-2 
Berghof microwave digestion system (Berghof, 
Germany), according to the manufacturer's 
methodology (sample preparation theory using acid 
digestion, pressure digestion and microwave 
digestion). 
Statistical analysis was performed using the 
STATISTICA v.8.0 program. The descriptive 
statistics package was used to calculate the dispersion 
media and parameters. 
 
3. Results and Discussions 
 
Regarding the accumulation of Cu in the leaf 
tissue of the Aesculus hippocastanum L. trees taken 
in the study, averages of 8.20 mg/kg were identified 
corresponding to the experimental location no. 4 
related to the USAMV Campus Cluj-Napoca and 
13.60 mg/kg corresponding to the chestnut trees 
located in the experimental location no. 1, from the 
proximity of the APM Cluj air quality monitoring 
station, of the traffic type.  
Concentration media in the leaf tissue of 
chestnut trees are representative.  
This representativeness is conferred by the 
values of the variability of the concentrations Cu in 
the leaf tissue of the chestnut trees, located below and 
highlighted by the coefficients of variation, with 
values below the threshold of 30%, are in the range 
CV = 15.90%, corresponding to the experimental 
location no. 5 and CV = 22.11%, corresponding to 
the experimental location no. 2, of suburban type 
(Table 1). 
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Table 1. The basic statistics for the Cu concentration in foliar tissue of the Aesculus hippocastanum L. species, by analysed 
experimental locations, by experimental period April – September 2017 (mg/kg leaf dry matter)  
 
Issue N X Minimum Maximum s CV, % 
Experimental location 1 120 13.60 11.00 17.00 2.41 17.71 
Experimental location 2 120 10.80 8.00 14.00 2.39 22.11 
Experimental location 3 120 9.00 7.00 11.00 1.58 17.57 
Experimental location 4 120 8.20 6.00 10.00 1.79 21.82 
Experimental location 5 120 8.25 7.00 10.00 1.30 15.90 
Experimental location 6 120 9.20 7.00 11.00 1.58 17.57 
 
The accumulation of Zn in the leaf tissue of the 
Aesculus hippocastanum L. studied trees, reaches an 
average of 16.60 mg/kg corresponding to the chestnut 
trees located in the experimental location no. 2, of 
suburban type, and 33.60 mg/kg corresponding to the 
chestnut trees located in the experimental location no. 
5, of industrial type.  
The averages of the concentrations Zn in, 
located below the threshold of 30% and highlighted 
by the coefficients of variation included in the range 
CV = 17.17%, corresponding to the experimental 
location no. 4, and CV = 29.40%, corresponding to 
the experimental location no. 5, industrial type, 
respectively (Table 2). 
 
Table 2. The basic statistics for the Zn concentration in foliar tissue of the Aesculus hippocastanum L. species, by analysed 
experimental locations, by experimental period April – September 2017 (mg/kg leaf dry matter)  
 
Issue N X Minimum Maximum s CV, % 
Experimental location 1 120 27.40 19.00 40.00 7.53 27,48 
Experimental location 2 120 16.60 10.00 22.00 4.67 28.13 
Experimental location 3 120 26.20 20.00 30.00 3.96 27,07 
Experimental location 4 120 20.20 10.00 30.00 3.47 17,17 
Experimental location 5 120 33.60 25.00 60.00 9.88 29,40 
Experimental location 6 120 24.80 17.00 33.00 6.50 26.19 
 
 
Regarding the accumulation of Cd in the leaf 
tissue of the Aesculus hippocastanum L. trees, taken 
in the study, means of 2.40 mg/kg corresponding to 
the experimental location no. 2, of suburban type, 
related to the USAMV Campus Cluj-Napoca and 
6.20 mg/kg corresponding to the chestnut trees 
located in the experimental location no. 5, near the 
industrial monitoring station. The average Cd 
concentrations in the leaf tissue of the chestnut trees 
are representative. This representativeness is 
conferred by the values of the variability of the Cd 
concentrations in the leaf tissue of the chestnut trees, 
located below and highlighted by the coefficients of 
variation, with values below the threshold of 30%, 
are in the range CV = 1.56%, corresponding to the 
experimental location no. 5, of industrial type, and 
CV = 22.11%, corresponding to the experimental 
traffic type location (Table 3). 
 
Table 3. The basic statistics for the Cd concentration in foliar tissue of the Aesculus hippocastanum L. species, by analysed 
experimental locations, by experimental period April – September 2017 (mg/kg leaf dry matter)  
 
Issue N X s Maximum Minimum CV, % 
Experimental location 1 120 4.18 3.45 4.72 0.54 12.87 
Experimental location 2 120 3.50 3.25 3.75 0.21 6.01 
Experimental location 3 120 3.69 3.45 3.98 0.21 5.64 
Experimental location 4 120 2.40 2.19 2.63 0.20 8.37 
Experimental location 5 120 6.02 5.90 6.15 0.09 1.56 
Experimental location 6 120 2.59 2.15 2.89 0.29 11.20 
 
4. Conclusions 
 
The results of the present study show a higher 
concentration recorded in the chestnut trees located 
in the experimental location no. 1, of traffic type and 
implicitly that an intense traffic leads to increased 
emissions of Cu in the ambient air. However, in none  
 
of the experimental locations does the average record 
exceed the maximum allowed concentration equal to 
20 mg/kg. These results highlight higher 
concentrations of Zn recorded in the chestnut trees 
located in the experimental location no. 1, from the 
traffic type location, and occasionally at the level of 
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the experimental location no. 3 of urban type and 
implicitly the fact that intense traffic, but also the 
large quantities of dust, at the level of urban areas 
lead to increased accumulations of Zn. They do not 
register values over of the maximum admissible 
concentration equal to 200 mg/kg. The experimental 
results show higher concentrations of Cd recorded at 
the level of chestnut trees located mainly in the 
experimental locations no. 1, of traffic type and no. 5 
of industrial type, and occasional in the experimental 
location no. 3 of the suburban type, because of the 
intense traffic, the incineration of waste and 
industrial emissions, lead to increased accumulations 
by Cd. There are no values over the maximum 
admitted concentration equal to 100 mg/kg, fact 
confirmed by the lack of symptoms of physiological 
diseases at the level of these experimental locations. 
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